Abstract. We have examined CF3OCF=CF 2 regarding its reactivity toward OH radical, its infrared spectroscopic properties, its atmospheric lifetime, and its radiative forcing. From these we then determined the Global Warming Potentials (GWPs) for CF3OCF=CF 2. The examination is completed using a combination of discharge flow coupled with mass spectrometer and resonance fluorescence (DF/MS/RF), Fourier transform infrared (FTIR) spectroscopy, ab initio molecular orbital calculation, and atmospheric and radiative transfer modeling. Mass spectral evidence suggests that both HF and CF3OCFC ( 
Introduction
Implementation of the Montreal Protocol and its amendments requires extensive evaluation of the alternatives of chlorofluorocarbons (CFCs) and bromine-containing halons to ensure that replacement compounds for CFCs and halons are environmentally acceptable. Similar analyses of greenhouse gases are necessary because of concerns about global climate change. The acceptance criterion for the alternatives has been established in terms of Ozone Depletion Potentials (ODPs) and Global Warming Potentials (GWPs) [World Meteorological Organization (WMO), 1995]. Thus it is important to be sure that new chemicals and existing chemicals do not have unnecessarily high ODPs and GWPs. The newly developed CFC replacement compounds without chlorine and bromine atoms are in general benign to the ozone layer, but they must meanwhile have low GWPs to be acceptable to the environment. Although the ODPs and GWPs of the alternatives are separately determined by the reactivity of the degradation intermediates/products toward stratospheric ozone and by the compounds' ability to absorb infrared radiation, they are strongly related to the atmospheric lifetime of the alternatives. Short-lived compounds are desirable to reduce both ODPs and For newly developed chemicals, knowledge about the infrared optical properties of CFC surrogate candidates and the rate of OH attack on these compounds is needed in order to model the atmospheric behavior of the substitutes so that the environmental impact of the replacements can be fully assessed. We are currently evaluating GWPs for several potential CFC alternatives by first measuring both the OH attack kinetic parameters and the infrared spectroscopic properties of the replacement compounds, then incorporating the experimental results into a radiativechemical-transport model. The experimental measurements were made using discharge flow coupled with mass spectrometry and resonance fluorescence (DF/MS/RF) and Fourier transform infrared (FTIR) spectroscopy techniques, respectively. Ab initio calculations were employed in the examinations to help understand and interpret the experimental data. In this paper we (R1) CF3OCF=CF 2 + OH --> products is shown in Figure 1 . Note that the drawing only illustrates the relative position of the instrument, not the actual size or distance of the instrumental elements. The DF/MS system in present study has been described previously [Li et al., 1997; Li, 1999] , and is only briefly discussed here. The reactor consisted of an 80-cmlong, 5.08-cm-ID Pyrex tube coated with halocarbon wax to reduce OH wall losses. The reactor temperature could be varied between 250 and 350 K by circulation of cooled methanol or heated ethylene glycol through an outer Pyrex jacket. The temperature of the circulating fluids was measured by a thermocouple located in the liquid reservoir and controlled to a precision of 0.2 K by use of a thermostatted heat exchanger. The vacuum chamber for the discharge flow-modulated molecular beam mass spectrometer was a two-stage differentially pumped vacuum system utilizing two 6-inch diffusion pumps with liquid nitrogen baffles, and the ultimate vacuum in the second stage was 
FTIR Cross Section Determination of CF3OCF=CF:
A Mathanson Galaxy 7020 spectrometer with 1 cm 4 resolution was employed for the CF3OCF=CF 2 IR measurements. The CF3OCF=CF 2 samples were purified by several freeze-pump-thaw cycles prior to its infrared cross-section measurement. After degassing at liquid N2 temperature followed by pumping for approximately 0.5 hours to remove volatile impurities, preliminary IR spectra of the samples were taken and compared with previously published IR spectra to identify possible impurities. Samples of CF3OCF=CF • were then transferred to a 18.0 cm Teflon cell with NaC1 windows for IR measurements.
The pressure within the cell was measured by calibrated MKS capacitance manometers using a 100-torr (1.33x104 Pa) sensor. The concept of radiative forcing [IPCC, 1990 [IPCC, , 1995 [IPCC, , 1996 gives an estimate of the potential effect on climate due to changes in greenhouse gas concentration. The definition of radiative forcing adopted by IPCC [1990 IPCC [ , 1995 IPCC [ , 1996 has been the perturbation to the net irradiance (in W m':) at the tropopause after allowing for stratospheric temperatures to readjust to radiative equilibrium, but with the surface and tropospheric temperature and atmospheric moisture field held fixed. It is expressed in terms of the radiative forcing per unit concentration change in the atmosphere. If no change in stratospheric temperature is accounted for, the greenhouse gas radiative forcing is referred to as instantaneous radiative forcing. Once radiative forcing is evaluated, we then derive the Global Warming Potential for the compound.
Both the absolute instantaneous and adjusted radiative forcings due to CF3OCF=CF: were evaluated using the University of 
CF3OCF=CF 2 + OH --> [CF30•...1}CF=]' --> HE + + CF3OC(O)CF r
Nevertheless, we were unable to observe the parent ion of either
CF3OCF(OH)CF • (m/e= 183) or CF3OCFC(O)F [or CF3OC(O)CF2] (m/e=163) species. Thus it was unclear at this moment which reaction pathway reaction (R1) followed since our instruments did not have the capability to make such a distinction.
However, as we will see in later discussion, our kinetic results from the temperature-dependent study of the reaction (R1) suggest that the reaction might prefer the mechanism of reaction (Rla) followed by (R 1 b).
It would be interesting to examine which of the doubly bonded carbon atoms the OH radical was adding to. This can be inferred by examining the possible ion species that was fragmented from large product species. In the products searching experiments we detected a signal at m/e=47, assigned to FCO, which was at least 40% above the background due to the fragmentation of the CF3OCF=CF •. Even though the products were not quantified, it Figure 4 displays the data in Table 1 (R1) , where the errors in both the A factor and the activation energy are taken as 2{3. We notice that the A factor in the Arrhenius expression is substantially higher than that of typical OH reaction with unsaturated halocarbons such as C2C1 n [Chang and Kaufman, 1977] , and this high A factor might be associated with the rapid formation of the adduct described by reaction (Rla). The positive temperature dependence of the rate constant for the reaction (R1) has not been understood• A similar behavior was also reported for the reaction of OH with C2C1 n [Chang and Kaufman, 1977] . In our case the positive temperature dependence of the rate constant for the reaction (R1) could imply a reaction mechanism including a small activation energy, such as that of reaction (Rlb) discussed previously.
Structure and Vibrational Spectrum of CF•OCF=CF 2
The optimized geometry for CF•OCF=CF 2 is shown in Our predictions of 1.339}t and 1.340}t were also reasonable when compared to the experimental bond length of 1.410}t measured in dimethyl ether [Blukis et al., 1963] . In dimethyl ether the two CO bond lengths were equivalent, while in CF3OCF=CF v they were not. This is because the CF 3 group acts to stabilize the CO bond through hyperconjugation effects. In Table 2 The vibrational mode at 1842 cm '• observed in the spectrum was attributed to the C=C stretching mode at v•. There appeared to be a cluster of four strong peaks in the experimental spectrum, as shown in Figure 6 . However, an examination of the vibrational frequencies calculated at the B3LYP/6-31G(d) level (see Table 2 ) showed that the four peaks were, in fact, a cluster of six peaks that range in intensity from strong to very strong. 
Summary
We examined CF3OCF=CF 2 for its reactivity toward OH 
